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HOT GAS PATH DUCT FOR A COMBUSTOR
OF A GAS TURBINE

FIELD OF THE INVENTION

The present invention generally involves a hot gas duct for
a combustor of a gas turbine. More specifically, the invention
relates to a unibody liner for the combustor.

BACKGROUND OF THE INVENTION

A combustion portion of a can annular gas turbine gener-
ally includes a plurality of combustors that are arranged 1n an
annular array around a compressor discharge casing. Pressur-
1zed air flows from a compressor to the compressor discharge
casing and 1s routed to each combustor. Fuel 1s mixed with the
pressurized air 1n each combustor to form a combustible
mixture within a primary combustion zone of the combustor.
The combustible mixture 1s burned to produce hot combus-
tion gases having a high pressure and high velocity. The
combustion gases are routed towards an 1nlet of a turbine of
the gas turbine through a hot gas path that 1s at least partially
defined by one or more hot gas path ducts such as a combus-
tion liner and/or a transition duct. Thermal and kinetic energy
1s transferred from the combustion gases to the turbine to
cause the turbine to rotate, thereby producing mechanical
work. For example, the turbine may be coupled to a shait that
drives a generator to produce electricity.

The hot combustion gases flowing through the ducts) sub-
jects those components to high temperatures and thermal
stresses. Hot spots or areas of high thermal stress have been
shown to develop within certain areas of the duct due 1n part
to separation of the combustion gases from an inner or hot
side surface of the duct. There are certain respective cross
sectional flow areas of a duct between a forward or inlet end
and an ait or outlet end of the duct. Typically, the cross
sectional flow area of the duct will converge or decrease
continuously between the forward end and the aft end. Tra-
ditionally, this was done to prevent separation between the hot
combustion gases and the inner surface of the duct, thereby
reducing the thermal stresses within the duct.

Although this design 1s generally effective for reducing hot
spots within a hot gas path duct of a combustor having a single
combustion zone, 1t 1s less effective for a combustor that
includes a secondary combustion zone that 1s downstream
from the primary combustion zone such as a combustor that
incorporates late lean fuel injection technology. In particular,
a combustor that incorporates late lean fuel injection technol-
ogy requires additional pressurized air to be injected 1n to the
hot gas path downstream from the primary combustion zone
to support combustion 1n the secondary combustion zone.
Injection of the pressurized air results 1n increased mass flow
within the duct at and downstream from the njection point
which results in 1increased velocity of the combustion gases,
thereby resulting in increased heat transfer coeltficients on the
inner or hot side of the duct. Therefore, an improved hot gas
path duct or liner for routing the hot combustion gases from
the combustor to the inlet of the turbine that incorporates late
lean fuel 1njection would be usetul.

BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention are set forth below
in the following description, or may be obvious from the
description, or may be learned through practice of the mven-
tion.
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One embodiment of the present invention 1s a unibody liner
for a gas turbine includes a main body having a forward end
and an aft end. The main body defines a cross-sectional flow
areca and an axial flow length that extends between the forward
end and the ait end. The main body further defines a fuel
injection portion disposed downstream from the forward end
and upstream from the aft end. The cross-sectional flow area
decreases along the axial flow length between the forward end
and the fuel injection portion and increases along at least a
portion of the axial tlow length downstream from the fuel
injection portion.

Another embodiment of the present invention 1s a combus-
tor for a gas turbine. The combustor generally includes an end
cover coupled to an outer casing, a fuel nozzle that extends
downstream from the end cover, a cap assembly that at least
partially surrounds the fuel nozzle and a unibody liner that
extends downstream from the cap assembly. The unibody
liner 1includes a main body having a forward end and an aft
end. The main body defines a cross-sectional flow area and an
axial tlow length that 1s defined between the forward end and
the aft end. The main body further defines a fuel 1mjection
portion disposed downstream from the forward end and
upstream from the aft end. The cross-sectional flow area
decreases along the axial flow length between the forward end
and the fuel imjection portion and increases along at least a
portion of the axial flow length downstream from the fuel
injection portion.

The present invention may also include a gas turbine. The
gas turbine generally includes a compressor, a combustor
downstream from the compressor and a turbine having an
inlet disposed downstream from the combustor. The combus-
tor generally includes an end cover, a fuel nozzle that extends
downstream from the end cover and a umbody liner that
defines a flow path between the combustor and the inlet of the
turbine. The unibody liner comprises a main body having an
upstream end and a downstream end and defines a cross-
sectional flow area. An axial flow length extends between the
upstream end and the downstream end along an axial center-
line of the umbody liner. A conical portion extends down-
stream from the forward end, a fuel injection portion extends
downstream from the conical portion and a transitional por-
tion extends downstream from the fuel injection portion. The
cross-sectional flow area decreases along the axial flow
length from the upstream end to the fuel injection portion and
increases along at least a portion of the axial flow length
downstream from the fuel injection portion.

Those of ordinary skill 1n the art will better appreciate the

features and aspects of such embodiments, and others, upon
review ol the specification.

BRIEF DESCRIPTION OF THE DRAWINGS

A Tull and enabling disclosure of the present invention,
including the best mode thereotf to one skilled 1n the art, 1s set
forth more particularly 1n the remainder of the specification,
including reference to the accompanying figures, 1n which:

FIG. 1 1s a functional block diagram of an exemplary gas
turbine within the scope of the present invention;

FIG. 2 1s a cross-section side view of a portion of an
exemplary gas turbine having an exemplary combustor
according to various embodiments of the present invention;

FIG. 3 1s a side view of an umibody liner as may incorporate
at least one embodiment of the present disclosure;

FIG. 4 15 a top view of the unibody liner as shown in FIG.

3.
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FIG. 5 1s a cross-section perspective view of the unibody
liner as shown 1n FIG. 3, according to at least one embodi-

ment of the present disclosure;

FIG. 6 1s a normalized graphical 1llustration of cross-sec-
tional flow area of the unibody liner with respect to axial tlow
length across a conical portion, a fuel 1njection portion and a
transition portion of the unibody liner according to various
embodiments of the present invention; and

FI1G. 7 1s anormalized graphical 1llustration of tlow veloc-
ity through the unibody liner with respect to axial flow length
as related to the cross-sectional flow area as shown in FIG. 6,
according to various embodiments of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

Reference will now be made 1n detail to present embodi-
ments of the imvention, one or more examples of which are
illustrated 1n the accompanying drawings. The detailed
description uses numerical and letter designations to refer to
features 1n the drawings. Like or similar designations in the
drawings and description have been used to refer to like or
similar parts of the mvention. As used herein, the terms
“first”, “second”, and “third” may be used interchangeably to
distinguish one component from another and are not intended
to signily location or importance of the individual compo-
nents. The terms “upstream”™ and “downstream” refer to the
relative direction with respect to fluid tlow 1n a fluid pathway.
For example, “upstream” refers to the direction from which
the fluid flows, and “downstream” refers to the direction to
which the fluid flows. The term “radially” refers to the relative
direction that 1s substantially perpendicular to an axial cen-
terline of a particular component, and the term “axially”™
refers to the relative direction that 1s substantially parallel to
an axial centerline of a particular component.

Each example 1s provided by way of explanation of the
invention, not limitation of the invention. In fact, 1t will be
apparent to those skilled in the art that modifications and
variations can be made 1n the present invention without
departing from the scope or spirit thereof. For instance, fea-
tures 1llustrated or described as part of one embodiment may
be used on another embodiment to yield a still further
embodiment. Thus, it 1s mntended that the present invention
covers such modifications and variations as come within the
scope of the appended claims and their equivalents. Although
exemplary embodiments of the present mvention will be
described generally 1n the context of a combustor 1ncorpo-
rated 1nto a gas turbine for purposes of illustration, one of
ordinary skill in the art will readily appreciate that embodi-
ments of the present invention may be applied to any com-
bustor incorporated into any turbomachine and 1s not limited
to a gas turbine combustor unless specifically recited 1n the
claims.

Referring now to the drawings, wherein identical numerals
indicate the same elements throughout the figures, FIG. 1
provides a functional block diagram of an exemplary gas
turbine 10 that may incorporate various embodiments of the
present invention. As shown, the gas turbine 10 generally
includes an inlet section 12 that may include a series of filters,
cooling coils, moisture separators, and/or other devices to
purily and otherwise condition a working fluid (e.g., air) 14
entering the gas turbine 10. The working fluid 14 flows to a
compressor section where a compressor 16 progressively
imparts kinetic energy to the working fluid 14 to produce a
compressed working fluid 18 at a highly energized state.

The compressed working fluid 18 1s mixed with a fuel 20
from a fuel supply 22 to form a combustible mixture within
one or more combustors 24. The combustible mixture is
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burned to produce combustion gases 26 having a high tem-
perature and pressure. The combustion gases 26 tlow through
a turbine 28 of a turbine section to produce work. For
example, the turbine 28 may be connected to a shait 30 so that
rotation of the turbine 28 drives the compressor 16 to produce
the compressed working fluid 18. Alternately or 1n addition,
the shaft 30 may connect the turbine 28 to a generator 32 for
producing electricity. Exhaust gases 34 from the turbine 28
flow through an exhaust section 36 that connects the turbine
28 to an exhaust stack 38 downstream from the turbine 28.
The exhaust section 36 may include, for example, a heat
recovery steam generator (not shown) for cleaming and
extracting additional heat from the exhaust gases 34 prior to
release to the environment.

FIG. 2 provides a cross sectional side view of a portion of
an exemplary gas turbine 10 including an exemplary combus-
tor 50 that may encompass various embodiments of the
present disclosure. As shown, the combustor 50 1s at least
partially surrounded by an outer casing 52 such as a compres-
sor discharge casing and/or a turbine casing. The outer casing
52 1s 1n fluid communication with the compressor 16. An end
cover 54 1s coupled to the casing 32 at one end of the com-
bustor 50. The combustor 50 generally includes at least one
axially extending fuel nozzle 56 that extends downstream
from the end cover 34 and an annular cap assembly 58 that
extends radially and axially within the outer casing 52 down-
stream from the end cover 34.

In particular embodiments, a hot gas path duct or unibody
liner 60, herein referred to as the “unibody 60, extends
downstream from the cap assembly 58. One or more annular
sleeves 62 that at least partially surround at least a portion of
the unibody 60. In particular embodiments, the combustor
turther includes one or more radially extending fuel injectors
64 that extend through the umibody 60 downstream from the
at least one axially extending fuel nozzle 56. In particular
embodiments, the axially extending fuel nozzles 56 extend at
least partially through the cap assembly 58 to provide a com-
bustible mixture of the fuel 20 (FIG. 1) and the compressed
working fluid 18 to a primary combustion zone 63 that 1s
downstream from the fuel nozzle 56.

In particular embodiments, the one or more annular sleeves
62 may define one or more fluid tlow passage(s) 66 for routing
the compressed working fluid 18 across an outer surface of
the unibody 60. In addition, the sleeve(s) 62 may route at least
a portion of the compressed working fluid 18 to the one or
more radially extending fuel injectors 64 to combine with fuel
for combustion 1n a secondary combustion zone 67 that i1s
downstream from the primary combustion zone 72. The uni-
body 60 generally terminates at a point that 1s adjacent to a
first stage 68 of stationary nozzles 70. The first stage 68 of the
stationary nozzles 70 at least partially defines an inlet 72 to
the turbine 28. The unibody 60 at least partially defines a hot
gas path 74 for routing the combustion gases 26 from the
primary combustion zone 63 and the secondary combustion
zone 67 to the inlet 72 of the turbine 28 during operation of the
gas turbine 10.

In operation, the compressed working fluid 18 flows from
the compressor 16 and 1s routed through the fluid flow pas-
sage(s) 66. A portion of the compressed working fluid 18 1s
routed to a head end 76 of the combustor 50 where 1t reverses
direction and 1s directed through the axially extending fuel
nozzle(s) 56. The compressed working fluid 18 1s mixed with
fuel to form a first combustible mixture that 1s injected into
the primary combustion zone 63. The first combustible mix-
ture 1s burned to produce the combustion gases 26. A second
portion of the compressed working fluid 18 may be routed
through the radially extending fuel injectors 64 where 1t 1s
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mixed with fuel to form a second combustible mixture. The
second combustible mixture 1s injected through the unibody
60 and into the hot gas path 74. The second combustible
mixture at least partially mixes with the combustion gases 26
and 1s burned 1n the secondary combustion zone 67. In the
alternative, the compressed working fluid 18 may be fed into
the hot gas path 74 through the liner 60 without adding addi-
tional fuel.

FI1G. 3 provides a side view of the unibody 60 as shown in
FIG. 2, according to at least one embodiment of the present
disclosure. FIG. 4 provides a top view of the unibody liner as

shown 1n FIG. 3. As shown 1in FIGS. 3 and 4, the unibody 60

generally includes a main body 100 having a generally annu-
lar shape. The main body 100 includes a forward end 102, an
ait end 104, a generally conical portion 106, a fuel 1njection
portion 108 and a transition portion 110. The conical portion
106 extends between the forward end 102 and the fuel 1njec-
tion portion 108, and the transition portion 110 extends down-
stream from the fuel mjection portion 108 and terminates
generally adjacent to the aft end 104. The fuel injection por-
tion 108 generally extends across the secondary combustion
zone 67 (FIG. 2). The unibody 60 may be generally cast as a
singular component or may be formed from individual com-
ponents which are connected so as to form a continuous hot
gas path.

The conical portion 106 generally has a substantially cir-
cular cross section with respect to a plane that 1s perpendicu-
lar to an axial centerline 112 of the main body 100. The tuel
injection portion 108 may have a substantially circular cross
section and/or a substantially non-circular cross section with
respect to a plane that 1s perpendicular to the axial centerline
112. As shown 1n FIG. 4, the transition portion 110 may have
a substantially non-circular cross section with respect to a
plane that 1s perpendicular to the axial centerline 114. In
alternate embodiments, as shown 1n FIGS. 3 and 4, the main
body 100 may further include a support portion 114 that
extends upstream from the forward end 102.

In particular embodiments, the main body 100 at least
partially defines one or more fuel injector openings 116 dis-
posed downstream from the forward end 102 and upstream
from the aft end 104. The fuel mjector openings 116 are
disposed within the fuel injection portion 108 of the main
body 100. The fuel 1injector openings 116 provide for fluid
communication through the main body 100 and into the hot
gas path 74 (FI1G. 2). In particular embodiments, as shown 1n
FIG. 2, each of the fuel injectors 64 extends at least partially
through a corresponding fuel injector opening 116.

FIG. 5 provides a cross section perspective view of the
unibody 60 as shown in FIG. 3, according to at least one
embodiment of the present disclosure. As shown 1n FI1G. 5, an
axial tlow length 118 1s defined along the axial centerline 112.
The axial tlow length 118 extends through the main body 100
between the forward end 102 and the aft end 104. In particular
embodiments, the fuel mjection openings 116 generally
define an intersection point 120 along the axial tlow length
118 where the conical portion 106 and the fuel i1mjection
portion 108 intersect. The intersection point 120 may be
defined adjacent to or upstream from the fuel injection open-
ings 116. Another intersection point 122 1s generally defined
along the axial flow length 118 where the fuel injection por-
tion 108 and the transition portion 110 intersect. This inter-
section point 122 1s generally defined at a position along the
axial tlow length 118 where the main body 100 transitions
from a substantially circular cross section to a substantially
non-circular cross section downstream from the fuel injector
openings 116.
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The intersection points 120 and 122 are generally defined
within a plane that 1s substantially perpendicular to the axial
centerline 112. The intersection points 120 and 122 may shait
upstream or downstream from the shown positions shown in
FIGS. 3, 4 and 5 depending on such factors as the diameter of
the unibody 60, a desired or required mass tlow rate through
the unibody 60, operating temperatures within the unibody
60, thermal proﬁle of the unibody 60 and/or positioning of the
tuel 1njector openings 116.

As shown 1n FIG. 5, the main body 100 defines a cross-
sectional flow area 124. The cross sectional flow area 124 1s
generally defined with respect to a plane that extends perpen-
dicular to the axial centerline 112. The cross-sectional flow
arca 124 may increase, decrease, or remain constant along
any portion of the axial flow length 118. The size of the
cross-sectional flow area 124 of the umbody 60 generally
alfects a flow velocity of the combustion gases 26 flowing
through the unibody liner 60 and/or the hot gas path 74.

FIG. 6 provides a normalized graphical illustration 200 of
cross-sectional tlow area 124 with respect to axial tlow length
118 across the conical portion 106, the fuel 1njection portion
108 and the transition portion 110 of the umbody 60. As
illustrated by line 204, the cross-sectional flow area 124 gen-
erally decreases along the axial flow length 118 from a maxi-
mum cross-sectional flow area 124 at the forward end 102 to
a smaller cross-sectional flow area 124 at the intersection
point 120 between the conical portion 106 and the fuel injec-
tion portion 108 of the main body 100. It should be appreci-
ated that line 204 also 1llustrates a cross-sectional area of a
traditional liner (not shown).

In particular embodiments, as illustrated by line 206, the
cross-sectional tlow area 124 may increase, remain constant
and/or may decrease along the axial flow length 118 across
the fuel injection portion 108. In particular embodiments, as
illustrated by lines 208, 210 and 212, the cross-sectional flow
area 124 increases along at least a portion of the axial flow
length 118 that 1s defined downstream from the intersection
point 122. In contrast, as illustrated by line 214, the cross-
sectional flow area of the traditional liner continues to
decrease through the fuel injection portion 108 and the tran-
sition portion 110.

In one embodiment, as illustrated by line 208, the cross-
sectional flow area 124 increases continuously downstream
from the intersection point 122 between the fuel 1njection
portion and the aft end 104. In another embodiment, the
cross-sectional flow area 124 increases continuously along a
first portion 216 of the axial flow length 118 that 1s defined
downstream from the mtersection point 122 at a first rate of
increase, and then increases at a second rate of increase along
a second portion 218 of the axial flow length that 1s defined
downstream from the first portion. In another embodiment,
the cross-sectional flow area 124 increases continuously
along the first portion 216 of the axial flow length 118 that 1s
defined downstream from the intersection point 122 and then
decreases along the second portion 218 of the axial tflow
length 118 that 1s defined downstream from the first portion
216.

FIG. 7 provides a normalized graphical illustration 300 of
flow velocity 302 of the combustion gases 26 (F1G. 2) through
the unibody 60 including the traditional transition liner or
duct with respect to axial tlow length 118 through the conical
portion 106, the fuel mnjection portion 108 and the transition
portion 110 of the unibody 60 and traditional liner or duct. As
shown 1n FIGS. 6 and 7, line 304 correlates to line 204, line
306 correlates to line 206, line 308 correlates to line 208, line
310 correlates to line 210, line 312 correlates to line 212 (FIG.
6), line 314 correlates to line 214 (FIG. 6), line 316 correlates
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to line 216 (FIG. 6) and line 318 correlates to line 218 (FIG.
6), line 308 correlates to line 208 (FIG. 6).

As shown in FIGS. 6 and 7, and 1llustrated 1n lines 204 and
304, the tlow velocity of the combustion gases 26 (FIG. 2)
increase as the cross-sectional flow area 124 decreases along

the axial tlow length 118 through the conical portion 106. As

illustrated by lines 206, 214 and 306 and 314, the flow veloc-
ity will increase at a much higher rate along the axial flow

length 118 within the fuel injection portion 108 due to addi-
tional mass tlow of the second combustible mixture and/or the
compressed air through the unibody 60 and 1nto the hot gas
path 74.

The increased flow velocity generally results 1n increased
heat transier coelficients at the transition portion which
results 1n hot spots or areas of high thermal stress on an 1nner
surface of the unibody 60 and/or the traditional liner or duct.
In the various embodiments of the present invention, as
shown 1 FIG. 6 by lines 208, 210, 212, an increase in the
cross-sectional tlow area 124 at or downstream from the fuel
injection portion 108 will result in a decrease 1n the flow
velocity 302 of the combustion gases 26 (FIG. 2) as shown 1n
FIG. 7 by lines 310, 312 and 314. By maintaining or reducing
the flow velocity 302 through the umibody 60 at or down-
stream from the fuel injection portion 108, heat transfer coet-
ficients are significantly reduced, thereby improving the dura-
bility and overall performance of the combustor.

This written description uses examples to disclose the
invention, icluding the best mode, and also to enable any
person skilled in the art to practice the mvention, including,
making and using any devices or systems and performing any
incorporated methods. The patentable scope of the invention
1s defined by the claims, and may include other examples that
occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims 1f they include
structural elements that do not differ from the literal language
of the claims, or 1f they include equivalent structural elements
with msubstantial differences from the literal language of the
claims.

What 1s claimed 1s:

1. A unibody liner, comprising:

a. a main body having a forward end and an ait end, the
main body defining a cross-sectional flow area and an
axial tflow length that 1s defined between the forward end
and the aft end, the main body further defining a fuel
injection portion disposed downstream from the forward
end and upstream from the aft end; and

b. wherein the cross-sectional flow area decreases along the
axial flow length between the forward end and the fuel
injection portion and increases along at least a portion of
the axial tlow length downstream from the fuel injection
portion and wherein the cross-sectional flow area
increases continuously along the axial flow length
downstream from the fuel imjection portion to the aft
end.

2. The unibody liner as i1n claim 1, wherein the cross-
sectional tlow area increases along a first portion of the axial
flow length that 1s defined downstream from the fuel injection
portion and decreases along a second portion of the axial flow
length that 1s defined downstream from the first portion.

3. The unibody liner as 1n claim 1, wherein the cross-
sectional flow area 1s substantially constant along the axial
flow length across the fuel injection portion.

4. The unibody liner as in claim 1, wherein the cross-
sectional flow area decreases 1n a downstream direction along
the axial flow length across the fuel injection portion.
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5. The unibody liner as in claim 1, wherein the cross-
sectional flow area increases 1n a downstream direction along,
the axial flow length across the fuel 1njection portion.

6. The unmibody liner as in claim 1, further comprising a
conical portion that extends between the forward end and the
fuel injection portion and a transitional portion that extends
downstream from the fuel injection portion and terminates at
the aft end.

7. A combustor for a gas turbine, comprising;:

a. an end cover coupled to an outer casing;

b. a fuel nozzle that extends downstream from the end

Cover;

C. a cap assembly that at least partially surrounds the fuel

nozzle; and

d. a unmibody liner that extends downstream from the cap

assembly, the unibody liner comprising:

1. a main body having a forward end and an aft end, the
main body defining a cross-sectional flow area and an
axial tflow length that 1s defined between the forward
end and the aft end, the main body further defining a
tuel injection portion disposed downstream from the
forward end and upstream from the ait end; and

11. wherein the cross-sectional flow area decreases along
the axial flow length between the forward end and the
tuel 1njection portion and increases along at least a
portion of the axial tlow length downstream from the
tuel injection portion and wherein the cross-sectional
flow area 1ncreases continuously along the axial flow
length downstream from the fuel 1njection portion to
the aft end.

8. The combustor as 1n claim 7, wherein the cross-sectional
flow area 1s substantially constant along the axial flow length
across the fuel injection portion.

9. The combustoras 1n claim 7, wherein the cross-sectional
flow area decreases 1n a downstream direction along the axial
flow length across the fuel injection portion.

10. The combustor as 1n claim 7, wherein the cross-sec-
tional flow area increases 1n a downstream direction along the
axial tlow length across the fuel injection portion.

11. The combustor as 1n claim 7, wherein the umibody liner
turther comprises a conical portion that extends between the
forward end and the fuel 1njection portion and a transitional
portion that extends downstream from the fuel imnjection por-
tion and terminates at the aft end.

12. A gas turbine comprising;:

a. a COmpressor;

b. a combustor downstream from the compressor;

c. a turbine having an inlet disposed downstream from the

combustor; and

d. wherein the combustor includes an end cover, a fuel

nozzle that extends downstream from the end cover and

a unibody liner that defines a tflow path between the

combustor and the inlet of the turbine, the unibody liner

comprising:

1. a main body having an upstream end and a downstream
end, the main body defining a cross-sectional flow
area;

11. an axial flow length that extends between the
upstream end and the downstream end along an axial
centerline of the unibody liner;

111. a conical portion that extends downstream from the
forward end, a fuel injection portion that extends
downstream from the conical portion and a transi-
tional portion that extends downstream from the fuel
injection portion; and

1v. wherein the cross-sectional flow area decreases along
the axial flow length from the upstream end to the fuel
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injection portion and increases along at least a portion
of the axial flow length downstream from the fuel
injection portion and wherein the cross-sectional tlow
area 1ncreases continuously along the axial flow
length between the fuel injection portion and the
downstream end of the main body.

13. The gas turbine as in claim 12, wherein the fuel injec-
tion portion has a substantially constant cross-sectional flow
area along the axial tlow length.

14. The gas turbine as in claim 12, wherein the fuel injec-
tion portion has a decreasing cross-sectional flow area.

15. The gas turbine as in claim 12, wherein the fuel injec-
tion portion has an increasing cross-sectional flow area.
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